U ntreated syphilis can result in complications involving the eye (eg, uveitis, retinitis, optic neuritis, retinal detachment) collectively referred to as ocular syphilis (OS). In some patients, OS leads to vision loss. 1 Although the proportion of syphilis cases with ocular manifestations remains small, reports of OS have increased with rising syphilis rates in the United States since 2014. [2] [3] [4] [5] A few small studies suggest human immunodeficiency virus (HIV) contributes to the ocular manifestations of syphilis. 1, 3, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Estimates of HIV coinfection among OS patients range from approximately 30% internationally 1, 6 to 50% in the United States. 3 Patients living with HIV have been diagnosed with OS in both early and late stages of syphilis. 1, [7] [8] [9] The median rapid plasma reagin (RPR) and Venereal Disease Research Laboratory (VDRL) titers are often higher in OS patients living with HIV. 1 Nearly half of patients concurrently diagnosed with OS and HIV were tested for HIV because they presented to a provider with OS symptoms. 10 Although most reported OS patients living with HIV are diagnosed with posterior uveitis and panuvietis, 8, [11] [12] [13] [14] [15] [16] there is some variation in OS-defining diagnosis among OS patients living with HIV 7, 10 that may be related to CD4 counts. 10 Generally, patients living with HIVexperience substantial resolution of OS symptoms when treated appropriately as per CDC guidelines. 1, 7, 10, 11 Among syphilis patients reported to the North Carolina (NC) Division of Public Health between 2014 and 2015, OS prevalence was higher in patients living with HIV compared to patients without documented HIV. 4 It is unclear why some patients living with HIV develop OS while others do not. Improved reporting and documentation of OS coupled with data that can be easily linked between HIV and STD surveillance systems make NC uniquely well-suited to address this question. Using population-based surveillance information, we compared demographic and clinical markers of disease to identify factors associated with the development of OS in syphilis patients by HIV diagnosis status.
METHODS
We conducted a secondary analysis of surveillance data previously used to describe the epidemiology of OS in NC (with one additional year of follow-up). 4 Briefly, we reviewed all newly reported syphilis cases (early and late) entered in the NC Electronic Disease Surveillance System (NC EDSS) during 2014-2016. We defined OS as a patient diagnosed with syphilis and having clinical symptoms consistent with ocular disease that could not be explained by other causes. 17 For all syphilis cases, we abstracted demographic characteristics, syphilis stage, RPR titer (a serologic screening test for syphilis antibodies), 18 Syphilis patients were matched to NC's enhanced HIV/ AIDS Reporting System (eHARS) to identify patients living with HIV (no additional HIV infections were identified among OS patients from the medical record review). HIV-negative status was determined by a documented negative HIV test at the time of the syphilis diagnosis in NC EDSS or as ascertained from the medical record review. We classified all other patients as HIV-unknown status. For patients living with HIV, we abstracted HIV diagnosis date from eHARS and CD4 counts and viral loads (VL) reported closest to and within 6 months before the syphilis diagnosis date from the NC Engagement in Care and HIV Outreach database. In sensitivity analyses, we varied the window period used to capture the most proximate VL and CD4 count before the syphilis diagnosis date to 12 months. Next, we repeated these analyses with the closest VL or CD4 in time to the syphilis diagnosis date (whether before or after) and within the 6-or 12-month window period. We defined viral suppression as a VL of 200 copies/mL or less. Syphilis cases with HIV co-infection were classified as previously diagnosed (HIV diagnosis date longer than 30 days before syphilis diagnosis date) or concurrently diagnosed (HIV diagnosis date ≤30 days from syphilis diagnosis date).
We estimated prevalence ratios (PR) and 95% confidence intervals (CI) to compare OS prevalence (1) by HIV status within demographic and clinical subgroups of syphilis patients and (2) by the timing of HIV diagnosis relative to the syphilis diagnosis date, viral suppression, and CD4 count of 200 cells/mL or less among syphilis patients living with HIV using complete case analysis. In sensitivity analyses, we assessed the impact of different classifications of missing HIV laboratory values on the association between OS and both viral suppression and CD4 count of 200 cells/mL or less. The proportion of OS patients who sought care from an ophthalmologist was compared by HIV status (HIVpositive versus HIV-negative/unknown status) using Fisher's exact test. We compared syphilis stage, RPR titer, VL, and CD4 count by OS status in syphilis patients living with HIV using the Wilcoxon rank sum test (continuous variables) and chi-square test (categorical variables). All analyses were conducted in SAS version 9.4 (Cary, NC). This analysis was part of a public health investigation and exempted from institutional review board review.
RESULTS

All Syphilis Patients
During 2014 to 2016, there were 7123 confirmed syphilis cases reported in NC; 109 (1.5%) were classified as having OS (1 verified by darkfield microscopy to have Treponema pallidum in vitreous fluid; 78 had an ophthalmologic examination with findings consistent with OS; 30 only reported symptoms consistent with OS that had no other known cause). In total, 2846 (40.0%) syphilis patients were living with HIV, of whom 59 (2.1%) had OS. Of the remaining 4277 syphilis patients, 3197 (74.7%) tested HIV-negative of whom 38 (1.2%) had OS, and 1080 (25.3%) had an unknown HIV status of whom 12 (1.1%) had OS. Ocular syphilis was more prevalent in syphilis patients living with HIV compared to those who were HIVnegative/unknown status (PR, 1.8; 95% CI, 1.2-2.6). Most OS patients were men (91.7%) and all OS patients living with HIV were men. White, non-Hispanic syphilis patients were 2.6 times more likely to have OS than black, non-Hispanic patients (95% CI, 1.7-3.8). Nonetheless, OS was more prevalent in patients living with HIV across all syphilis stages, ages, races, and risks. The median age and RPR titer were higher in OS patients compared to non-OS patients, regardless of the patient's HIV status (Table 1) .
OS Patients
Among OS patients, those living with HIV were younger and had a higher median RPR than OS patients who were HIVnegative or unknown-status (Table 1) . Overall, 47 (43%) of 109 OS patients had a CSF VDRL test performed. Most of the 32 patients with a reactive CSF VDRL test result were living with HIV (n = 21; 65.6%). We reviewed the medical records for the 63 OS patients diagnosed between 2014 and 2015. In total, 35 (55.5%) patients were HIV-positive; both of the 2 OS patients reporting complete vision loss were living with HIV. Among these 63 OS patients, we did not observe a difference in the proportion of OS patients examined by an ophthalmologist by HIV status (74.3% (26/35) HIV-positive versus 82.1% (23/28) HIV-negative/ unknown-status; P = 0.4). Per the medical record review, uveitis was the most common OS diagnosis in patients living with HIV (n = 11 panuveitis; n = 4 posterior uveitis; n = 5 anterior uveitis). Furthermore, 11 patients had a severe OS diagnosis (chorioretinitis, optic neuritis, or retinal detachment); 9 (81.8%) were living with HIV. We interviewed 39 OS patients to assess OS symptom resolution. Overall, 14 (70.0%) of 20 patients living with HIV and 13 of 19 (68.4%) HIV-negative/unknown-status patients reported that once treated for OS, visual functioning returned to levels experienced before OS symptoms manifested. The remaining 12 patients had residual deficits.
Syphilis Patients Living With HIV
Among 2846 patients living with HIV, 2504 (88.0%) had a CD4 count (57 with OS) and 2554 (89.7%) had a VL within 6 months before their syphilis diagnosis. Compared to non-OS patients, slightly higher proportions of OS patients living with HIV had an available CD4 count (n = 55; 93.2%) or VL (n = 57; 96.6%) during this timeframe. The median VL among all syphilis patients living with HIV was 40 copies/mL (interquartile range [IQR], 20-19,243); 1016 (39.8%) patients were virally unsuppressed. Virally unsuppressed patients were more likely to be diagnosed with OS than suppressed patients (PR, 1.7; 95% CI, 1.0-2.8). When patients living with HIV who did not have a reported VL were considered unsuppressed, results were similar, although mitigated (PR, 1.5; 95% CI, 0.9-2.5).
The median CD4 count among syphilis patients living with HIV was 505 cells/mL (IQR, 324-712); and 310 (12.4%) patients had a CD4 count of 200 cells/mL or less. Median CD4 counts were lower in OS patients than non-OS patients at every syphilis stage ( Table 2 ). The prevalence of OS was higher in patients with a CD4 count of 200 cells/mL or less than in patients with higher CD4 counts (PR, 2.3; 95% CI, 1.3-4.2). This association persisted after controlling for patient age (PR, 2.2; 95% CI, 1.2-4.0).
The prevalence of OS was higher among syphilis patients diagnosed with HIV and syphilis concurrently compared to syphilis patients previously diagnosed with HIV infection (PR, 1.5; 95% CI, 0.8-2.8). CD4 counts were lowest and VLs were highest in concurrently diagnosed OS patients. More OS patients had late latent or unknown duration syphilis compared to non-OS patients among concurrently diagnosed (69.2% vs 33.1% P = 0.01) and previously diagnosed patients (41.3% versus 22.0%, P = 0.002). OS patients were more likely than non-OS patients to have a CD4 count of 200 cells/mL or less in previously diagnosed Results from sensitivity analyses that varied the date range to capture HIV laboratory values and included missing data in VL and CD4 categories were similar to reported findings (Supplemental tables 1A and 1B, http://links.lww.com/OLQ/A305).
DISCUSSION
Ocular syphilis was identified in a small proportion of syphilis patients, regardless of HIV status. However, OS was more prevalent in patients living with HIV. Most patients with severe OS and both patients who reported complete vision loss were living with HIV. OS patients living with HIV were younger than HIVnegative and unknown-status OS patients, but still older than non-OS patients living with HIV. OS was diagnosed more frequently in patients living with HIV who had late or unknown duration syphilis, an unsuppressed VL, or a CD4 count of 200 cells/mL or less. Many of these patients were diagnosed with HIVand syphilis concurrently, suggesting this population was not receiving routine screening for syphilis or HIV at earlier stages of infection. Concerns about ocular symptoms may have prompted these patients to seek healthcare. With treatment, OS symptoms in patients living with HIV appeared to resolve at similar rates as HIV-negative or unknown-status patients.
The combination of older age and low CD4 counts in OS patients living with HIV suggest declining immune status may contribute to ocular manifestations of syphilis. Syphilis can result in a temporary drop in the CD4 count in patients coinfected with HIV that typically resolves after treatment. [19] [20] [21] [22] [23] Similar to previous studies, 10, 11 we observed OS patients to have lower CD4 counts than non-OS patients, regardless of when the patient was diagnosed with HIV relative to their syphilis diagnosis or the patient's age. Ocular syphilis was also more prevalent in patients with an unsuppressed VL, providing support for previous findings that inflammation associated with uncontrolled HIV replication could be an important prognostic factor for OS. 24 To date, there is no evidence that the recent nationwide increase in reported OS infection was due to a specific neurotropic strain of T. pallidum.
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Although our study was not designed to do so, continued characterization of OS strains by HIV status may elicit an understanding of who is most at risk of developing ocular manifestations of syphilis.
Ocular syphilis may be associated with delayed syphilis diagnosis, particularly in people who also have undiagnosed, and thus uncontrolled, HIV. Almost 70% of OS patients with concurrently diagnosed HIV had late or unknown duration syphilis. These patients had the highest median VL and lowest median CD4 count of all syphilis patients living with HIV. However, since the median RPR was high (1:128) in this group, syphilis stage may have been misclassified and some of these patients actually may have had recently acquired syphilis. Regardless, OS screening as part of routine examination should be considered for any person, whether HIV positive or not, presenting to healthcare with ocular symptoms in areas with high syphilis rates.
People aware of their HIV infection may be receiving regular health care to control their disease, oftentimes from providers familiar with manifestations of syphilis. Therefore, these patients may be screened for OS more often due to higher clinical suspicion by their HIV care provider. Consequently, elevated rates of OS in patients living with HIV could be due to detection bias. Ocular syphilis prevalence was also much lower in women than in men; no women with OS was living with HIV. It is unclear whether this gender difference in OS prevalence is due to the relatively small number of women diagnosed with both syphilis and HIV, a failure on the part of providers to ask about ocular symptoms, or an unidentified biological factor. However, historical evidence suggests women have fewer complications related to untreated syphilis than men. 26 Future analyses with larger OS patient populations may have increased power to detect differences in OS recognition by various demographic and clinical characteristics, including HIV status, and thereby quantify potential bias.
Our assessment of both OS and HIV status was incomplete. An OS classification required a patient to be diagnosed with syphilis, report OS symptoms to a provider, and have these symptoms documented in NC EDSS. In all but one case, we were unable to verify the OS diagnosis in a biological specimen. Although there is potential for misclassification in the remaining cases, no other cause for the ocular symptoms were reported and it is reasonable to assume they have OS per CDC case definition. 17 At the time of their syphilis diagnosis, HIV status was not documented in surveillance data for 15% of patients. These patients were either not tested at the time of their syphilis diagnosis, or if tested, did not have their test results automatically captured in NC EDSS. VL and CD4 measurements near the time of the syphilis diagnosis were also missing for approximately 10% of known syphilis patients living with HIV. Because we observed no differences in the pattern of missing VL and CD4 data by OS or any other measured covariate, we assumed potential bias due to missing laboratory data to be negligible.
In this population-based assessment of syphilis patients, OS was rare, regardless of HIV status. We identified a higher prevalence of OS in patients living with HIV, particularly those who were unaware of their HIV infection. Complaints of ocular symptoms may help detect previously undiagnosed HIV, emphasizing the importance of screening for HIV and syphilis in tandem. Elevated rates of OS in older patients and those with low CD4 counts suggest immunodeficiency may play a role in the association between OS manifestations and HIV. Other related information not captured by surveillance could provide additional insight about factors that increase the risk of OS in syphilis patients living with HIV.
